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MSC-05546 Volume V

FOREWORD

This volume 1s Section V of six sections of document
MSC-05546, submitted by Martin Marietta Corporation, in
accordance with the requirements of Annex I to Exhibit A,
Statement of Work, Part I, Ddta Requirements List, of Contract

NASB-24000, Amendment JSC«145, Line Item 295, and was prepared
under WBS 02216,
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1. INTRODUCTION

1.1 Purpose

This document reports the final results of the sensor
performance evaluation of the Skylab Earth Resources Experiment
Package (EREP) 5193 altimeter and is based on data and
evaluations reported in the interim performance evaluation report
(MSC-05528, Volume V, dated September 6, 1974).

1.2 Scope

This document summarizes the results of S193 altimeter
sensor performance evaluation based on data presented by
Martin Marietta and NASA Wallops Flight Center to the sensor
performance evaluation interim reports, provides the results
of additional analyses of 5193 altimeter performance, and
describes techniques used in sensor performance evaluation
(Appendix A). The summarization includes significant performance
degradation identified during the Skylab missions and the
performance achieved, in terms of pertinent $193 altimeter
parameters, The additional analyses include final performance
analyses completed after submittal of the SL4 ipterim sensor
performance evaluation reports, including completion of
detailed analyses of basic performance parameters initiated
during the interim report periods.

1.3 Usage Guide

The hasic task outline for the EREP sensor performance
evaluation was specified EREP Mission Data Evaluation
Requirements, JSC-05529, August 31, 1973. The results of these
evaluations were subsequently reported in MSC-05528, Earth
Resources Experiment Package, Sensor Performance Report,
Volumes I through VII, as follows:

Volume I (S51904A) Multispectral Photographic Camera
Volume II (S191) IR Spectrometer
Volume TII (S8192) Multispectral Scanner

Volume IV (5193 R/S) Radiometer/Scatterometer
Volume V (5193 Alt.) Altimeter

Volume VI (5194) L-Band Radiometer

Volume VII (S190B) Earth Terrain Camera
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These volumes were issued after prelaunch testing at KSC
and updated after each mission. The single exception is Vol-
ume VII (S190B), which was originally issued after SL3, with
a single update after SL4.

This document is based on the data and analyses in the
first six volumes of the sensor performance report, MSC-05528.
Volume VII, S190B, is not included. The same volume
designation used for MSC-05528 has been retained for the
individual sensor volumes, with the individual volumes bound
in a single cover and identified as MSC-05546. The individual
volumes are designed so they can be used independently of the
full six-volume report, if desired.

1

1.4 Abstract

This report presents the results of thé sensor performance
evaluation (SPE) of the 5193 Ky-band radar altimeter, which
was part of the Earth Resources Experiment Package (EREP) on
Skylab., Agencies participating in the evaluation were NASA
Wallops Flight Center and the Denver Division of the Martin
Marietta Corporation. Findings are presented in the areas of
housekeeping parameters, system stability, performance
capability as reflected in the output flight data, computer
simulation studies, achieved antenna scan and pointing
performance, operation in the various modes, and preliminary
review of the major altimeter experiments. Supplementary
analyses covering antenna pattern characteristics and the
usefulness of the pulse compression operation for sensing sea
state are reported,

The results show that the instrument generally performed
within expectations and that it provided useful design
information, However, the data exceeded the original
objectives of providing technological information and have
been reduced sufficiently to indicate that significant
scientific contributions have been provided by the 5193
altimeter operation, Degradation of the sensor capability was
observed as a result of two major anomalies--failure to obtain
compressed pulse operation during 512 and SL3 and a reduction
of the signal-to-noise ratio during SL4, with the subsequent
loss of short-pulse measurement data, Conclusions are drawn
from the evaluation results and recommendations for improving
the effectiveness of future programs are offered. An addendum
describes the special evaluation techniques applied to the
gensor performance evaluation tasks,
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2.  APPLICABLE DOCUMENTS

MSC-05528 Earth Resources Experiment Package,
Sensor Performance Report, Volume V
(S193 Alt), Lyndon B. Johnson Space
Center, Houston, Texas, September 6,
1974,

725D4234 $193 Historical Log Book, Volume 1A,
‘ Rev. A, S193 Vehicle 001, General
Electric - SSO, 27 October 1972,

Alternate Designation: Document No,
728D4207, Rev. G, S193 Calibration
Data Report, Flight Hardware - Prime
Unit 1A, Volumes 1A and 1B, General
Electric - SSO, Contract NAS9-11195,
27 October 1972 and Volumes 1A and
1B, Rev. D, 22 March 1973.

MS5C-05528 Earth Resources Experiment Package,
Sensor Performance Report, Volume IV
(s193 R/S), Lyndon B. Johnson Space
Center, Houston, Texas, October 30,
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Configuration Specification, Contract
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Final Report, Radar Altimeter Waveform
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3. SUMMARY OF SENSOR PERFORMANCE EVALUATION INTERIM REPORT

After preflight testing of the EREP experiments at Kennedy
Space Center and after each Skylab mission, raw data were reduced
to provide performance data for each EREP sensor. These data were
presented by mission in interim sensor performance evaluation
reports entitled EREP Sensor Performance Report {(Engineering
Baseline, 5L2, SL3, and SL4 Evaluation), MSC-05528, Volumes I
through VITI. Preflight test data and selected qualification test
data were the engineering baseline, and flight data were added
after each Skylab mission. This section summarizes Volume V (5193
Alt), Change 3, September 6, 1974 of the sensor performance report,
paragraph by paragraph. However, sections of the interim report
that were similar or contained redundant evaluation data have been
combined. To provide traceability, applicable interim report
paragraphs are referenced in the summary.

3.1 Function/Limit Verification (SPE-5193-001)

The general integrity of the $193 altimeter was evaluated by
an analysis of data on mode sequencing, engineering parameters,
internal science, sample-and-hold gate internal calibration,
malfunction diagnostic data, and a review of the comments made by
the EREP control and display (C&D) panel operator during the
Skylab missions.

3.1.1 Malfunctions

There were several diagnostic monitors provided on the EREP
C&D panel to allow the EREP operator to quickly amalyze the
operation of S$193. These monitors also appeared as bilevel (on-
off) indicators in the 5193 data. These diagnostic monitors were:

1) Radiometer ready;

2) Scatterometer ready;

3) Altimeter ready;

4) Transmitter overheat;

5) Transmitter malfunction;

6) Receiver averheat;

73  Receiver malfunction;

8) Gimbal malfunction;

9) Altimeter unlock.



MSC~05546

The diagnostic monitors visually indicated to the operator
that the 5193 was ready to take data or that there was a problem
with the instrument., For instance, the ready lights would light
up when the power switch(s) were placed in the ON position for
the particular mode of operation desired (Rad, Scat,; Rad/Scat,
or Alt) and the appropriate time delays in the 5193 had elapsed.
The malfunction, overheat, and unlock lights would light up if
there were abnormal operation. A malfunction was defined as an
unexpected indication on one of these monitors. Therefore, if a
ready indicator did not light up when the proper power switch was
turned on or a malfunction or overheat|indicator did light up, a
malfunction was indicated. In addition to the malfunctions de-
fined here, the 5193 experienced anomalous operation in which
the data indicated performance that did not agree with expecta-
tions. Anomalous operation is considered separately from malfunc-
tion indications in this report.

In addition to the light displays, several S193 voltages
were displayed on C&D panel meters for performance verification.

All the diagnostic monitors gave the indications that were
expected as a result of switch operation and altimeter operation
throughout the Skylab missions, with one exception. During EREP
pass 96, which was the next-to-last altimeter data pass, the
altimeter ready light failed to illuminate. No data were obtained
from this run and the reason for the failure of the ready light
to come on was not determined. As expected, the unlock indicator
lighted up frequently due to loss of lock by the altimeter. This
resulted from rapid altitude changes in targets during all missions,
the effect of the beam being offset from nadir on some passes, and
the lower antenna gain during SL4. The S$193 anomaly that occurred
during EREP pass 40, when a short occurred in the pitch gimbal
potentiometer, was not indicated by the malfunction lights on the
S193 altimeter operation due to the malfunction light logic, but was
indicated by the transmitter malfunction light and reteiver mal-

fun?tion light during Rad/Scat operation, 5193 malfunction light
logic was summarized by GE.*

# 8193 Historical Logbook, 5193 Vehicle 001, Vol 1A, Document
No. 72 SD4234 Rev. A, 27 Qctober 1972, General Electric
Company, p 1-29.

Alternate Designation: $193 Calibration Data Report, Flight
Hardware, Doc. No. 725D4207 Rev. D, 22 March 1973, Prime
Unit 1A Volume 1A, S80 Contract NAS9-11195, General Electric.
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-3.1.2 Sequencing

Altimeter mode sequencing was verified by comparing the
number and sequence of each frame for each altimeter mode with
the sequencing requirements specified in the Cal Data Report®.
This included checking the status word indications along with the
frame and subframe count to ensure that each mode and its
subsequent submode, sub® mode, and sub® mode of operation were
preperly sequenced. Modes 1, 2, 5, and nadir align were verified
to be in complete accordance with the sequencing requirements
specified in the Cal Data Report* throughout all missions. Mode
3 met all requirementz except that there was a consistent loss of
two frames of data in all mode 3 operations throughout all
missions. This sequencing error always occurred at the same spot
and was the loss of the two frames of data in submode 4 (DAS2),
sub® mode 0, sub® mode 0. This error in sequencing did not occur
at K5C, but a review of GE thermal vacuum testing data revealed
that the same problem had ocecurred in that test.

During several altimeter operations, the instrument was
turned off or to standby before all specified sequencing for
the particular mode had been completed. This occurred when
intermittent losses of lock caused the mode to exceed the
preassigned time for the mode or when the mode had to be
terminated early because of time-allocation constraints. Data
were also lost for a short period whenever the EREP tape recorder
speed was changed to gccommeodate S192 operation. This short (up
to 6-second) data loss should not be construed as anomalous 5193
sequencing.

3.1.3 Engineering Parameters

An altimeter engineering parameter limit verification was

" performed for all altimeter operations during SL2, SL3, and SL4

by analyzing each individual parameter to determine its minimum

and maximum value for each run, determining if these minimum and
maximum values were within established limit criteria, noting the
operational characteristics of each parameter and (where applicable)
performing a comparative analysis with other associated parameters.

* 5193 Historical Logbook, $193 Vehicle 001, Vol 1A, Document
No. 72 SD4234 Rev. A, 27 Dctober 1972, General Electric
Company, p 5-7.

Alternate Designatien: §193 Calibration Data Report, Flight
Hardware, Doc. No. 72 5D4207 Rev. D, 22 March 1973, Prime
Unit 1A Volume 1A, SSO Contract NAS9-11195, General Electric.
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All engineering parameters showed a marked repeatability in
their respective minimum and maximum readings in meeting the flight
criteria from pass to pass throupghout all migsions, with the
following exceptions:

1) Measurements A050-293 00A, pitch bias, and A038-293 OO0A,
roll bias, changed to maximum negative readings when the short
occurred on the -10-volt reference power supply during EREP pass
40 and remained there throughout the remainder of the SL3 mission.

2) Measurements A053-293, antenna feed temperature, A(054-293,
input waveguide temperature, and A0536-293, driver TWTA temperature,
gave higher temperature indications late in SL4 than previously
seen in SL2, SL3 or earlier S5L4 passes. They exceeded the flight
criteria in EREP passes 88 through 93, but returned to nominal
values in EREP pass 94, then returned to the higher-than-normal
temperature readings in EREP pass 95 and remained there to the end
of the mission (EREP pass 98). A review of these same parameters
during Rad/Scat operation in these same passes shows concurring
data. Although these three parameters exceeded the limits specified
for flight criteria in the EREP passes mentioned, no degradation of
altimeter data or abnormal operation of the altimeter was indicated.

A more detailed analysis of the engineering parameters,
including tables containing the minimum and maximum values and
flight evaluation criteria, is in MSC-05528, Volume V, paragraph
3.3, September 6, 1974.

3.1.4 Gimbal Operation

The nadir align mode was the only altimeter mode of operation
that caused movement of both the roll and pitch gimbals. The reoll
gimbal was locked throughout operation of modes 1, 2, 3, and 5.
The pitch gimbal was commanded to step forward to 0.43 and back
to 0.0 degrees in mwode 1 and ta step through pointing angles of
0.43, 15.6, 7.56, 2.65, and 1.3 degrees and return to 0.0 degrees
in mode 2.* There was no gimbal movement associated with modes
3 and 5.

* As of November 1974, JSC data do not account for these pitch
offsets in the field-of-view.
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The gimbal limit criterion for modes 1 and 2 was the summation
of the target nadir (00A bias parameters), commanded angle value,
and a tolerance of 1,2 degrees in roll and 0.8 degrees in pitch.*

Gimbal performance for all altimeter operations was satisfactory
and within limits for SL2 and SL3 before the 5193 anomaly that
occurred in EREP pass 40. During SL4, the pitch gimbal was pinned
at the 0O-degree position. Therefore, there was no movement of the
gimbals throughout SL4 in altimeter modes.

3.1.5 Internal Calibration

SL2, SL3, and S5L4 datas were assessed to determine the internal
time delay of the altimeter RF path and whether it changed during
the Skylab missions. It was determined that the internal time

delay was 100.2 ns for SL2, 99.8 ns for SL3, and varied from 96.3
to 101.7 ns during SL4&.

During altimeter mode 2 operations, the relative change in
AGC level was used to evaluate relative surface reflectivity changes.
In this mode, the antenna was pointed at a different pitch angle
from 0.0 to 15.6 degrees for each submode to measure reflectivity
changes with beam incidence angle. Internal AGC-level drift was
checked during CDS submodes. In CDS-1 and -2, an additional 10.6
dB compared with CDS-3 was inserted to provide a tweo-level calibra-
tion. 1In all CDS submodes, the transmitter pulse was coupled to
the receiver to provide a self-contained internal AGC calibration.
The AGC levels were set by peak pulse powér levels in an AGC gate.

The average relative AGC level attained for each of the three
submodes for each Skylab mission converted to output power at the
transmitter was:

Mission | CDS-1 (dBm) | CDS-2 (dBm) { CDS-3 (dBm)
SL2 59.2 60.8 60.2
SL3 61.4 62.9 60.8
SL4 61.8 63.0 60.9

%

§193 Historical Loghbook, 5193 Vehiecle (01, Vol 1A, Document
No. 72 SD4234 Rev. A, 27 October 1972, General Electric
Company, p 5-33a.

Alternate Designation: 5193 Calibration Data Report, Flight
Hardware, Doc. No. 72 SD4207 Rev. D, 22 March 1973, Prime
Unit 14 Volume 1A, 5SSO Contract NAS9-11195, General Electric.
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An altimeter transmitter power limit verification was
performed for all missions based on the fact that the AGC output
was a function of the received-pulse power. In CDS submodes, the
transmitter powetr level was sampled by the altimeter receiver for
an internal calibration of the transmitter power. Transmitter
power was related to the radiated output power by a preflight
calibrated path attenuation (118.5 dB). The AGC output in altimeter
mode 1 CDS-1 was compared to preflight test data to indicate any
change in output power from the zltimeter transmitter. Path
attenuation from the transmitter to the antenna was assumed to
remain constant so that output transmitted power could be calculated
from the AGC level.

Data from 8L2, SL3, and SL4 revealed that transmitter power
did not vary significantly from the preflight test measured value
~of 61.0 0.4 dBm. The power actually appeared to be higher in SL3
and SL4 than in SLZ by a small amount, but this was attributed to
measurement readability using the AGC curves in the Cal Data Report¥.
The AGC curves themselves were estimated to be no better than *]
dB in absolute value.

Another subtask of the function/limit verification task was
altimeter system noise limit verification, which employed the fact
that the noise gate output was the integrated voltage from the
altimeter receiver during the period preceding the return pulse.
Thus, it provided a measure of the noise output of the system with
little or mo return energy.

Parameter A017-293, noise gate Integrated voltage, was ana-
lyzed throughout all missions to determine altimeter system noise,
No significant change in the noise level was detected in any of
the flights. The comparative standard was 129 bit counts equal-
ling O volts of noise, and the following results were obtained:

J .. lAverage 100- Average 10~ Average of all
Mission [MHz BW (PCM counts)|MHz BW (PCM counts)|Samples (PCM counts)
SL2 129.0 128.8 128.9
SL3 128.9 128.9 - 128.9
SL4 128.25 128,25 ' 128.25

% $193 Historical Logbook, 5193 Vehicle 001, Vol 1A, Doc. No. 72
SN4234 Rev. A, 27 October 1972, Genmeral Electric Company.

Alternate Designation: $193 Calibration Data Report, Flight
Hardware, Doc. No. 72 5D4207 Rev. D, 22 March 1973, Prime
Unit 1A Volume 1A, SSO Contract NAS9-111953, General Electric,

v-10
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3.1.6 Sample-and-Hold Outputs

The altimeter sample-and-hold (S/H) ocutputs from the internal
calibration data submodes (CDS) taken during operation of medes 1, _
2, 3, and 5 were evaluated for each mission. These data were created
by routing the transmitted signal directly to the receiver system
via an 118.5-dB attenuator (mode 2 CDS-1 and -2 used 129.1 dB) that
represented a typical space loss and bypassed the antenna system.
These data provided an inflight power level and pulse shape . .-
calibration and, in the case of the S/H gate circuitry, an
indication of performance. The S5/H data were also evaluated in
conjunction with the AGC level to assure that a proper pulse was
transmitted and that the transmitter and receiving operation was
normal. Pulse shape output consistency with the desired transmitter
and receiver operation was used to verify that the S/H gate data were
were faithfully reproducing the internal pulse characteristics.

The transmitter pulse shapes were independently verified by the use
of a ground-based pulse-shape measurement. (See STAPE discussion
in Section 1 of Appendix A to this volume.)

The design characteristics defining the mode 1 CDS-1, -2, and -3
S/H .gate gperation were:

1) Pulse width

100 ns

100 MHz (CDS-1)
10 MHz (CDS-2, -3)

2) Receiver BW

3) Single pulses (100 pulses sampled per second)
4) Two sample positions (8 gates per position)
5) Gate spacing and gate width = 25 ns

6) Saﬁples per mean value (plotted point) = 728 (CDS-1)
520 (CDS-2, =3)

The mode 1, CDS-1, -2, and -3 cutput waveforms displayed no
significant changes throughout all missions. Examples of S/H
waveform censtruction for mede 1, CDS-1, -2, and -3 operations
are shown in Figures 3.1-1 through 3.1-3, respectively. These pulse
waveforms show three curves for each pulse. The middle curve is
the mean-value waveform for an entire submode set of S/H outputs.
The outside curves are plots of the mean value plus and minus the
lo values for the entire submode set of 5/H outputs.

v-11
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Construction

The characteristics defining the mode 2, CDS-1, -2, -3 S/H
gate operation were:

1)
2)

3)
4)

5)

6)

Pulse width

100 ns

10 MHz (CDS-1)
100 MHz (CDS-2, -3)

Receiver BW

Single pulse (100 pulses sampled per second)

Two sample positions (8 gates per position for CDS-1)
Three sample positions (8 gates per position for CDS-2, -3)

Gate spacing and width = 25 ns (CDS-1)
10 ns {CDS-2, -3)

Samples per mean value (plotted point) = 728

The waveforms plotted for meode 2, CDS-1, -2, -3 operations
showed little variation throughout all missions. Examples of
mode 2 waveforms for CDS-1, -2, and -3 are shown in Figures 3.1-4
through 3.1-6, respectively. The three-pulse waveform curves
represent the mean and the mean plus and minus 10 values for the
entire submode set of $/H outputs.
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The characteristics defining the mode 3 CDsS-1, -2, -3, -4, and
-5 5/H gate operation were:

1)

2)

3)

4)

5)

6)

100 ns (CDS-1, =3, -4)
18 ns (CDS-2, -5)

100 Mz (CDS-1, -2, -4, =5)
10 MHz (CDS-3)

Double pulses (CDS-1, -2, -4, =5)
Single pulse (CDS-3)

Six sample positions — 3 per pulse (CDS-1, -4)
Eight sample positions — 4 per pulse (CDS-2, =5)
Two sample positions (CD5-3)

I

Pulse width

Receiver BW

Gate spacing and width = 25 ns (CDS-1, -3, -4)
10 ns (CDS-2, -5)

Samples per mean value (plotted point) = 2392 (CDS-1)
: 2600 (CDS-2)
312 (Cps-3)

2080 (CD5-4)

2600 (CDS-5)

Mode 3 was known as the dual-pulse experiment, and there were
two pulses per repetition period in CDS-1, -2, -4, and -5, spaced
at varying distances for this pulse correlation experiment. The
S/H gates were grouped so that gates 5 through 8 corresponded to
the second pulse. The preflight status of the system was such
that the first pulse was sampled en